Maternal intake of energy, macronutrients and fiber during pregnancy, and relation to maternal anthropometry by Mugaas, Sissel
Maternal intake of 
energy, macronutrients 
and fiber during 
pregnancy, and relation to 
maternal anthropometry
Sissel Mugaas
Department of Nutrition
UNIVERSITY OF OSLO
May 2007

Maternal intake of energy, 
macronutrients and fiber during 
pregnancy, and relation to maternal 
anthropometry 
Master thesis in clinical nutrition 
Sissel Mugaas 
 
Supervisors 
Tore Henriksen 
Nanna Voldner 
Svein Olav Kolset 
 
Department of Nutrition  
Faculty of Medicine 
UNIVERSITY OF OSLO 
May 2007

  v
Acknowledgements 
I would like to express my gratitude to my supervisors, Tore Henriksen and Nanna Voldner 
for giving me access to the data from the STORK study, and guiding me through the work of 
the thesis. I am very thankful for your advice and comments throughout the work of this 
project. 
Thanks to Marit Veierød for helping me with the statistics, Esther Baumann for showing me 
how the BIA is performed in STORK 2, Irene K. Pedersen for proofreading and Ole Mugaas 
for help with computer issues. 
Many thanks go to my fellow students for all the time we have spent together the last five 
years; for laughs, lunch-, gossip- and coffee breaks and for making everyday life at the 
university fun. I will miss you when we start working at separate places, but I know our 
friendships are everlasting. 
I also want to thank my parents for their endless love and support, for believing in me and 
always telling me that I can achieve whatever I want.  
Last, but not least; my dear Geir: Thank you for reminding me about how “normal people” 
eat, and for your unique ability to make me laugh and think of other things than nutrition. 
 
Oslo, May 2007 
 
Sissel Mugaas 
 

  vii
Summary 
Background: The evidence for a relationship between maternal nutritional status during 
pregnancy and future health of her unborn child is now ample. The different factors that may 
link fetal development and growth to later health of the fetus are currently gaining increasing 
attention. Composition of maternal gestational weight gain may be one of the factors that 
have an impact on this relationship. The purpose of this thesis was to investigate whether 
maternal intake of energy, macronutrients and fiber during pregnancy had an effect on 
degree and composition of gestational weight gain and other anthropometric measures in 
early and late pregnancy. 
Methods: Pregnant women (N=553) attended a study where body weight and body 
composition (skinfold thickness) was measured four times during pregnancy and dietary 
intake was assessed twice using a food frequency questionnaire.  
Results: Women with a high energy intake increased their body weight more during 
pregnancy than women with a lower intake of energy (p<0.01). High energy intake was also 
associated with a higher increase in skinfold thickness (p<0.01). High intake of 
carbohydrates and added sugar was associated with higher weight gain (p=0.02 and 0.02 
respectively). Smaller total skinfold thickness was reported among women with a fiber 
intake ≥25g/day (p=0.03).  
Conclusion: In a well nourished population like the present one, the effects of nutrition on 
degree and composition of gestational weight gain and single anthropometric measures 
appear overall small.  More sophisticated methods should be used to obtain more detailed 
information about body composition if the relationship is to be further explored. The small 
effects of maternal energy intake on gestational weight gain and body composition support 
the data indicating that pregestational nutritional and metabolic status is important for the 
fetal growth and development. A larger proportion of the study population did not eat 
according to the Nordic Nutritional Recommendations. Furthermore, a relatively high and 
increasing proportion of women enter pregnancy overweight or obese. In this case 
prevention of obesity and overweight in the young female population should get special 
attention. 
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Sammendrag 
Bakgrunn: Det er godt dokumentert at det er en sammenheng mellom mors ernæringsstatus 
i svangerskapet og barnets fremtidige helse. Interessen for faktorer som kan påvirke fosterets 
vekst, utvikling og helsetilstand som voksen øker stadig. Sammensetningen av mors 
vektoppgang under graviditeten er en av faktorene som kan ha innflytelse på denne 
sammenhengen. Formålet med denne masteroppgaven var å undersøke om mors inntak av 
energi, energigivende næringsstoffer og fiber under svangerskapet hadde en påvirkning på 
mengde og sammensetning av vektøkning og andre antropometriske mål under graviditeten. 
Metode: Gravide kvinner (N=553) deltok i en studie hvor kroppssammensetning 
(hudfoldtykkelse), vekt og matinntak ble målt eller rapportert flere ganger i løpet av 
graviditeten. 
Resultater: Kvinner med høyt energiinntak hadde en større vektøkning og økning i 
hudfoldtykkelse enn kvinner med lavt energiinntak (p<0.01 for begge). Et høyt inntak av 
karbohydrater og tilsatt sukker var assosiert med høyere vektøkning (p=0,02 og 0,02). 
Kvinner som hadde et fiberinntak ≥25g/dag hadde signifikant tynnere hudfoldtykkelse 
sammenlignet med dem som hadde inntak <25g/dag (p= 0,03). 
Konklusjon: I denne velernærte populasjonen var effekten av ernæring på grad og 
sammensetning av vektøkning og andre antropometriske mål liten. Bedre metoder for å 
analysere kroppssammensetning vil være nødvendig å benytte dersom denne sammenhengen 
skal analyseres bedre. Den lille effekten av maternelt energiinntak på vektøkning og økt 
hudfoldtykkelse i svangerskapet er i samsvar med data som antyder at mors pregestasjonelle 
ernærings- og metabolske status er viktig for føtal vekst og utvikling. En stor andel av 
studiepopulasjonene hadde et inntak av fett, sukker og kostfiber som ikke fulgte de nordiske 
næringsstoffanbefalingene. I tillegg er en stadig økende andel kvinner overvektige eller fete 
når de blir gravide. Dette indikerer at man bør øke fokus på forebygging av overvekt og 
fedme, særlig blant unge kvinner.
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1. Introduction 
This master thesis is part of the STORK project that is currently being carried out at the 
Rikshospitalet-Radiumhospitalet Medical Centre, Oslo, Norway. STORK is a prospective 
cohort study exploring determinants of high birth weight. The aim of the project is to 
establish more effective methods to identify at-risk pregnancies in order to improve 
interventions and treatment strategies. Results may be useful in the work of reducing 
pregnancy- and birth complications as well as long term complications for mothers and 
children. The women are followed through the pregnancy from week 14-16 until the first 
week postpartum. The women and their children will be part of a cohort that can be followed 
in the future as this will be beneficial for studies exploring long term effects of pregnancy on 
adult health. 
The data used in this thesis are from the first part of the study, STORK 1, where 
approximately 630 women were enrolled. Data were collected between January 2002 and 
May 2005. STORK 2 is currently ongoing and includes another 600 women. Hence, a total 
of about 1200 women and their children will be a part of the cohort. 
Three doctoral degrees are conducted based on data from the study. They are focusing on 
clinical outcomes, metabolic syndrome and vascular dysfunction respectively. This master 
thesis is a part of Nanna Voldner’s doctoral degree “Maternal metabolic syndrome, fetal 
macrosomia and pregnancy complications”. 
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2.1 
2. Background 
Fetal growth and development are influenced by parental genetics and the intrauterine 
environment provided by the mother. Maternal diet and nutritional status make up important 
parts of the fetal environment. There is ample evidence that maternal pre pregnant nutritional 
and metabolic condition and gestational weight gain (GWG) are crucial for optimal fetal 
development and growth. The mother’s nutritional status and the fetus’ access to nutrients 
during prenatal development may have significant consequences on the individuals health 
measured both as short- and long term consequences (1;2).  
Further knowledge about the factors and mechanisms involved may contribute to improved 
preventive and clinical medicine. This area of research is named “Developmental Origins of 
Health and Disease” (DOHaD). It is based on the “fetal origins” hypothesis by Dr. David 
Barker who proposes that “alterations in fetal nutrition and endocrine status results in 
developmental adaptations and permanently change structure, physiology and metabolism, 
and thereby predisposing individuals to cardiovascular, metabolic, and endocrine disease in 
adult life” (2). The hypothesis was originally based on epidemiological studies 
demonstrating associations between being born with a low birth weight and predisposition to 
cardiovascular diseases, stroke, type 2 diabetes and the metabolic syndrome later in life (3). 
Maternal prepregnant status and birth outcomes 
In addition to GWG, the mother’s pregravid condition, especially her body weight and body 
mass index (BMI; body weight in kg / height in meters squared), is strongly associated with 
the child’s birth weight and perinatal health (4). Maternal obesity has been associated with 
pregnancy complications, such as preeclampsia, gestational diabetes mellitus (GDM), 
pregnancy-induced hypertension and cardiovascular diseases (5). In addition, maternal 
obesity has been related to an increased risk of miscarriage, late fetal death, preterm birth, 
caesarean deliveries, shoulder dystocia (necessity for ancillary obstetric maneuvers for 
delivery of the shoulders), use of anesthetics during delivery, postoperative complications, 
low Apgar score (a scoring system for evaluation of the clinical condition of neonates), 
macrosomia and neural tube defects (5-9). Maternal prepregnant underweight is related to 
higher rates of small for gestational age infants (SGA; weight and/or height below the 10th 
Background 
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2.3 
percentile or two SDs below the mean for gestational age), spontaneous preterm delivery, 
seizure, meconium aspiration syndrome and prolonged hospital stay (10-12). 
Gestational weight gain 
Weight gained during pregnancy reflects increase in maternal tissue, both fat stores and fluid 
accumulation, and the growth of the products of conception (13). Too little or too large 
weight gain may have negative impact on both the fetus and the mother. The nature of the 
consequences differs with respect to the extent of the GWG and maternal prepregnancy 
BMI. Excessive weight gain during pregnancy is undesirable to both mother and infant. It is 
associated with an increased risk for preeclampsia, cesarean section and large for gestational 
age births (LGA; weight above the 90th percentile or two standard deviations (SD) of mean 
for a given gestational age) independent of maternal pregestational BMI (14). Normal weight 
and obese mothers with high GWG have higher risk of need for instrumental delivery. Obese 
women with low weight gain during pregnancy decrease the risk of the same conditions (14). 
Excessive GWG is the strongest factor for weight retention after pregnancy (15). Failure to 
lose weight after pregnancy increases the mother’s risk for developing obesity and co-
morbid conditions such as diabetes, cardiovascular diseases and breast cancer (16). It is also 
undesirable according to future reproductive health and subsequent pregnancies (17). Low 
weight gain during pregnancy is associated with an increased risk of giving birth to a SGA 
infant. This risk decreases with increasing BMI (14). 
Birth weight  
2.3.1 Maternal impact on birth weight 
Fetal growth rate is assumed to be an independent predictor for short- and long term health 
of the newborn (18). Birth weight is an indicator reflecting the effect of several different 
factors, such as genetics, placental function, maternal nutrition and nutritional status, parity, 
and sociodemographic, environmental, gynecological and obstetric factors. Maternal age, 
excessive weight gain during pregnancy, obesity, and nutritional and endocrinological 
factors are all associated with high birth weight (19;20). Studies of heritability suggest that 
30-70% of the normal variation in birth weight is genetically determined (21;22).  
Background 
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2.3.2 Small for gestational age infants 
Definition and prevalance 
The term “small for gestational age” is used to describe a newborn that has a weight and/or a 
crown-heel length considerably below the mean for the infant’s gestational age, based on an 
appropriate reference population according to sex, ethnicity and geographic location (23). 
Different cut off points are used. Weight and/or height below the 10th percentile or 2 SDs 
below the mean for gestational age are the ones most commonly seen. Other limits used are 
under the 2.5th or 5th percentile, or 3 SDs below the mean.  
The prevalence of infants born SGA depends on the definition. Many countries do not keep 
appropriate registers of birth weight/height according to the mean. Depending on the 
definition used, it has been estimated that somewhere between 2% and 10% of all infants are 
born SGA (23). 
Short- and long term complications of being born SGA 
Being born SGA is, in the short term, associated with an increased risk of premature birth 
and conditions related to prematurity such as cerebral palsy, respiratory complications, 
hypoglycaemia and hypotension (23). Possible long term consequences include delayed 
cognitive development and increased susceptibility to developing conditions such as 
dyslipidaemia, cardiovascular diseases, cancer, type 2 diabetes and obesity (1;3;23-25). 
Especially children with early growth restriction followed by a large degree of catch up 
growth, have an increased risk of developing these diseases (26). 
2.3.3 Fetal macrosomia and large for gestational age infants 
Definition and prevalance 
Macrosomia is a term mainly used for newborns with a birth weight above a certain limit. 
However, there is no general agreement what this limit should be. In affluent societies birth 
weights above 4000g, 4200g and 4500g are being used as definitions of newborn 
macrosomia (27;28). The term large for gestational age (LGA) has mainly been used for 
fetuses or newborns of (estimated) weight above the 90th percentile or above 2 SDs for 
gestational age compared to an appropriate reference population (27-29). In the STORK 
Background 
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study the cut off point is set at ≥4200g which is approximately at the 90th percentile of birth 
weight in Norway. 
The number of children born in Norway with a birth weight over 4000g increased from 16% 
to 22% from 1990 to 2000 (30). This trend has also been observed in other Scandinavian 
countries (31). In 2003 and 2004 the incidence in Norway was 20.8% and 20.6% 
respectively, indicating a minor decline since 2000. According to the Medical Birth Registry 
of Norway (MBRN) 4.2% of the children born in 2004 had a birth weight ≥4500g (32).  
Short- and long term complications of fetal macrosomia 
Fetal macrosomia affects neonatal morbidity and mortality (33). It is associated with both 
short term and long term complications. Short term effects include pregnancy complications, 
delivery complications and neonatal complications such as prolonged birth time, increased 
use of caesarean section, artificial induction of labor, post partum hemorrhages, maternal 
soft tissue trauma, neonatal hypoglycemia and hyperbilirubinemia (6;33-35). Long term 
consequences include increased susceptibility of developing diseases such as type 2 diabetes, 
cancer and obesity later in life (1;8;25;30;36;37). 
Macrosomia represents both an obstetric and a public health problem. It is an obstetric 
problem due to the potential pregnancy and delivery complications that may occur, and a 
public health problem according to the increased risk of developing obesity related diseases 
in adult life (38).  
Body composition 
Body composition is determined by several factors including sex, genetics, age and muscle 
mass (39). The human body can be divided into compartments of similar tissues for the 
purpose of estimating body composition. The easiest way of doing this is by the two-
compartment model which divides the body into fat mass (FM) and fat-free mass (FFM). 
FFM includes water, protein, bone mineral and non-bone mineral. Another term used to 
describe body content that is not fat is lean body mass (LBM). These two terms are used 
interchangeably, however, FFM is the preferred term (40). LBM differs from FFM by a 
small quantity (2-5%) of essential lipids in the central nervous system and  other organs (40). 
Hence, total body fat is the difference between body weight and FFM or LBM (39;41). A 3-
Background 
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compartment model divides the body into fat, protein and water, whereas the 4-compartment 
model includes mineral content in addition to protein, fat and water (42). 
Weight gain and body composition changes in  
pregnancy 
Weight gain during pregnancy can be divided into four components (18). First; products of 
the conception (the fetus, placenta and amniotic liquid), second; uterine and mammary 
tissue, third; body water, and fourth; maternal FM. Water, protein, fat and minerals accrete 
in these components as pregnancy progresses (13). Subcutaneous fat accumulates at different 
sites to meet maternal and fetal energy requirements during pregnancy and lactation. The 
amount and pattern of fat accumulated differs (43). Approximately 72% of the FFM is 
constituted by water (40), and a higher amount of total body water (TBW) leads to increased 
hydration of FFM. The increase in TBW during pregnancy is under hormonal control and 
highly variable among different women. The increase is closely related to increased plasma 
volume. Maternal plasma volume expansion is associated with a higher birth weight (13), 
and insufficient plasma expansion may be associated with poor outcome such as 
preeclampsia and low birth weight (44;45). When the maternal body composition changes in 
pregnancy due to physiological adaptations, both FM and FFM, including TBW, increase 
(46). The changes depend on the characteristics of the mothers and their pregnancy (43). Fat 
storage pattern during pregnancy may vary by ethnicity, parity and maternal nutritional 
status (43). 
As previously mentioned, it is well known that maternal total weight gain during pregnancy 
is related to infant birth weight. However, which of the specific components that contribute 
to this association, the timing of tissue deposition and the independent effect of these factors 
are yet to be described. Mothers with the similar prepregnancy weight and weight gain may 
give birth to children with different birth weights (47). Maternal pregestational body 
composition and composition of the GWG may be some of the factors that contribute to this 
difference. 
It is important to assess the composition of maternal weight gain for several reasons. One is 
to improve the estimation of energy requirements of pregnancy and reproduction. Basal 
metabolic rate (BMR) is increased during pregnancy (48). Hence, the energy requirements 
Background 
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are elevated. This effect is considered to result from tissue expansion, fetal growth and 
development, increased oxygen consumption due to enhanced work with respect to maternal 
cardiovascular, respiratory and renal systems and other mechanisms related to physiological 
adaptations to pregnancy (39;48). The rate of increase in BMR is highly variable among 
pregnant women and the factors responsible for this variation are not fully understood (48). 
In a non-pregnant reference population BMR is considered to be significantly related to 
FFM, but not FM (39) because the oxygen consumption of adipose tissue is lower than other 
tissues. 
Present recommendations 
2.6.1 Dietary intake during pregnancy 
There are no specific recommendations relating to intake of macronutrients during 
pregnancy. The percentage distribution of the energy yielding nutrients such as 
carbohydrates, fat and protein should be the same as for the non-pregnant population. 
According to energy, the Nordic Nutrition Recommendations (NNR) from 2004 (49)  
suggest an average additional energy intake of 1.1 mega joules (MJ)/day for pregnant 
women. However, the extra energy requirement is less during the first trimester than the 
third trimester, and many women may have a decreased level of physical activity throughout 
the pregnancy. Thus, it may not be necessary with an increased energy intake in early 
pregnancy, and less physical activity in late pregnancy may make it redundant to increase the 
energy intake at that time.  
The essential fatty acids omega-6 and omega-3 should provide minimum 5% of the total 
energy intake (E%) in the diet of pregnant women, including at least 1 E% from omega-3 
fatty acids (49). 
2.6.2 Weight gain in pregnancy 
The Norwegian Directorate for Health and Social Affairs has not defined any specific 
recommendations according to weight gain during pregnancy. Studies of gestational weight 
gain have not been performed in Norway. Health workers are advised to weigh the women at 
the beginning of and throughout the pregnancy, and use the recommendations for GWG 
Background 
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from the Institute of Medicine (IOM) (50) as guidance (Table 1). These are graded 
guidelines based on pregestational BMI. They are largely based on observational studies and 
their intention is to optimize birth weight. The pregnant woman’s weight and weight gain 
constitute the basis for advice according to diet and physical activity during pregnancy (51). 
 
Table 1: The Institute of Medicine’s recommendations for gestational weight gain. 
Recommendations are based on pregestational BMI. 
Prepregnant BMI (kg/m²) Recommended GWG (kg) 
<19.8 (underweight) 12.5-18.0 
19.8-26 (normal weight) 11.5-16.0 
26.1-29.0 (overweight) 7.0-11.5 
>29.0 (obese) ≤6.8 
 
2.7 Previous findings 
2.7.1 Anthropometry 
Most studies of body composition in pregnancy show a positive association between 
increased amounts of FFM and birth weight, whereas FM is not associated with birth weight.  
Sanin-Aguirre et al (18) found that FFM and TBW were significantly and positively 
associated with birth weight after adjusting for other birth weight predictors. The study did 
not explore any relationship between maternal FM and birth weight. Lederman et al. (47) 
observed that maternal weight and total body water, but not FM, was significantly and 
positively associated with birth weight in women who gave birth at term. Mean body weight 
at gestational week 37 was 76.8 kg and mean TBW was 35.9 liters. Larciprete et al. (4) 
identified FFM as the most important maternal body component associated with birth weight 
at term. According to Butte et al. (13), a gain in TBW and FFM, but not FM correlated 
positively with birth weight. Mardones-Santander et al. (44) identified a positive correlation 
between FFM and birth weight. They argued that this effect may be mediated by fluid 
retention  According to Kulkarni et al. (52) maternal LBM was the most important 
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determinant of birth weight among Indian women from a low income group. Villar et al. (53) 
noted that the rate of fat gain early in pregnancy was strongly associated with fetal growth 
among Guatemalan women. They also identified the thigh skinfold to be the only caliper 
measure to significantly predict birth weight. Forsum et al. (38) found that birth weight, but 
not length, was correlated with maternal FM both before pregnancy and  in gestational week 
32.  
All of these studies used birth weight as a continuous variable, and so none of them used a 
cut off point according to body composition in relation to small- or large for gestational 
infants. 
2.7.2 Diet 
No known studies have been published that evaluates the impact of single nutrients on body 
composition in pregnant women. 
Aim 
The main aim of this master thesis was to identify whether maternal intake of energy, 
macronutrients and fiber during the pregnancy had an effect on degree and composition of 
GWG and single anthropometric measures (subscapular skinfolds and body weight).  
H0: There is no effect of maternal intake of energy, energy yielding nutrients and fiber on 
degree and composition of maternal GWG and single anthropometric variables. 
HA: There is an effect of maternal intake of energy, energy yielding nutrients and fiber on 
degree and composition of maternal GWG and single anthropometric variables. 
Another goal of the current study was to describe the population according to dietary intake 
and anthropometric features in early and late pregnancy (week 14-16 and week 30-32/ 36-
38), and compare the two measurements.  
The rationale behind the present study was that similar to previous findings, FFM, but not 
FM, would be positively associated with birth weight. If FFM has most impact on birth 
weight, the benefits of a given GWG could be achieved with a lower weight gain if FFM 
Background 
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contributed to a larger amount of the weight gain. Thus, optimal fetal growth and birth 
outcome could be achieved without increasing maternal obesity risk. 
Increased understanding of the effect of nutrition and the degree and composition of GWG 
will form the basis for recommendation of nutritional intake both before and during 
pregnancy. 
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 13
3.1 
3. Subjects and methods 
Study design 
The data to be presented here were originally collected as part of the STORK study. The 
study followed a prospective cohort design. The inclusion period was from January 2002 to 
May 2005, and the total cohort consists of 553 pregnant women. Participants were scheduled 
for four visits during pregnancy; week 14-16 (visit 1), week 22-24 (visit 2), week 30-32 
(visit 3) and week 36-38 (visit 4) (Table 2). Blood pressure measures, body weight, skinfolds 
and blood samples were collected at each visit. At the third visit, the participants were given 
a questionnaire including measures on physical activity. The women answered the 
questionnaire at home and brought it back at visit four. Fetal ultrasound was performed at 
visits two, three, and four. At visits one and three, a dietary questionnaire was filled out and 
a standard oral glucose tolerance test was performed.  
Participants in the study were women scheduled to give birth at the Rikshospitalet-
Radiumhospitalet Medical Centre, Oslo, Norway. Approximately one third of the 
women giving birth at this hospital between 2002 and 2005 were asked to attend the 
study. Inclusion criteria were Scandinavian heritage, singleton pregnancy and ability 
to answer the questionnaires. Exclusion criteria were pregestational diabetes, multiple 
pregnancies or severe diseases such as gastrointestinal-, kidney- or cardiovascular 
diseases. 
Subjects and methods 
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Table 2: Design and follow up through pregnancy.  
 Weeks of gestation 
 14-16 22-24 30-32 36-38 
General follow upa x x x x 
Glucose tolerance test x  x  
Fetal ultrasound  x x x 
Food intakeb x  x  
 
a Blood pressure, blood samples, body weight and subcutaneous skinfolds. 
bFood frequency questionnaire. 
 
3.2 Anthropometry 
Weight was measured on a digital scale without heavy clothes and shoes. Height was 
measured to the nearest cm if not self reported. BMI was calculated from these measures. 
Subcutaneous adipose tissue was measured at three body locations using a Holtain caliper 
(Holtain Limited, Crymych, UK). The subscapular, suprailiac and triceps skinfolds were 
assessed. All measures were performed by the same trained operator. The subscapular 
skinfold was measured at a 45° angle just below the inferior angle of the scapula. The 
suprailiac skinfold was measured at the midpoint between the anterior superior iliac spine 
and the lowest rib. The triceps skinfold was measured horizontally in the midline of the 
posterior portion of the arm at the midpoint between the acromion and olecranon processes. 
Triceps and subscapular skinfolds were obtained from the right side of the body, whereas the 
suprailiac skinfold was measured at the left side. Fat mass at weeks 36-38 was calculated 
using the equation by Huston Presley et al. (40):  
FM (kg) = (body weight (kg) x 0.33529) + (triceps skinfold (mm) x 0.65664) – (subscapular 
skinfold (mm) x 0.4373) + (suprailiac skinfold (mm) x 0.43461) – 13.0538.  
FFM (kg) was calculated as body weight (kg) – FM (kg).  
Subjects and methods 
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3.3 
3.4 
Quantitative food frequency questionnaire 
The dietary intake was assessed by the self-administered quantitative food frequency 
questionnaire (QFFQ) NORKOST (Appendix 1) at visit 1 and visit 3. The first page included 
a written instruction where the women were asked to answer the questionnaire according to 
their present dietary intake. No further information was given unless the women asked 
specifically. NORKOST is an optical mark readable questionnaire of 12 pages listing 
approximately 180 food items. The items are grouped according to the typical Norwegian 
meal pattern with three bread meals and a warm dinner every day. Frequency alternatives 
vary from several times a day to once a month depending on the food items. Portion sizes are 
given in household measures such as glasses, cups, spoons, slices, pieces and deciliters. The 
QFFQ includes questions about meal pattern, whether the person answering is confident with 
her body weight and if she thinks the questionnaire gives a right impression of her daily 
intake. Questions about dietary supplements are also included (cod liver oil, multivitamins, 
single vitamins (B-, C-, D-, and E vitamins), iron, calcium and fluoride). The QFFQ has not 
been validated for pregnant women, but it is well validated for other groups (54;55) and has 
been used in large studies in Norway (56). 
The questionnaires were computer analyzed and nutrient intake calculated by KBS software 
(57). KBS is developed at the Department of Nutrition, University of Oslo and is based on 
the Norwegian Food Composition Table from 1997. 
Variables included in the analyses 
3.4.1 Maternal variables 
The dependent variables were obtained from weight gain, caliper measures, FM and FFM. 
The three single skinfold measures (subscapular, suprailiac and triceps) and the sum of these 
were used as an indication on fat mass and increase in fat mass during the pregnancy. Fat 
mass and fat free mass in late pregnancy were be calculated by an equation developed and 
validated on pregnant women (40).  
The three single caliper measures from both visit 1 and visit 4 were used in the analyses. In 
addition, the sum of the three caliper measures at both times (total skinfolds) and the 
Subjects and methods 
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difference in total skinfolds from visit 1 to visit 4 (total skinfold difference) were included. 
Measures from visit 2 and 3 were omitted because the change from early to late pregnancy 
was considered most interesting. Fat mass, fat-free mass, body weight, GWG and BMI were 
also considered in the analyses. BMI is not considered a good measure in late pregnancy due 
to large differences in water retention. Hence, it was not calculated at visit 4. Selected 
maternal variables were considered in the multiple regression analyses in addition to the 
anthropometric measures. The variables were maternal age, parity, birth weight and gender 
of the child. Smoking status was excluded because very few of the mothers were daily 
smokers (4%). 
3.4.2 Dietary variables 
Intake of energy and the energy providing macronutrients fat, protein and carbohydrates 
were considered in the analyses. Total intake of fat and the fractions of saturated-, 
monounsaturated- and polyunsaturated fatty acids, omega-6- and omega-3 fatty acids were 
analyzed. As part of the carbohydrate intake, consumption of added sugar and dietary fiber 
were analyzed. Hence, a total of 11 dietary variables were included in the analyses, all of 
them measured twice during the pregnancy (Table 3). 
Subjects and methods 
 17
 
Table 3: The maternal anthropometric and dietary variables included in the analyses. 
  Visit 1   
Week 14-16 
Visit 3   
Week 30-32 
Visit 4   
Week 36-38 
Maternal anthropometric  
Variables 
 
Weight 
 
x 
  
x 
 Weight gain   x 
 Height x   
 BMI x   
 Subscapular SF x  x 
 Suprailiac SF x  x 
 Triceps SF x  x 
 Total SF x  x 
 Total SF difference   x 
 Fat mass   x 
 Fat-free mass   x 
     
Dietary variables Energy x x  
 Protein x x  
 Carbohydrates x x  
 Added sugar x x  
 Fiber x x  
 Fat (total) x x  
 Saturated FA x x  
 MUFA x x  
 PUFA x x  
 Omega-6 FA x x  
 Omega-3-FA x x  
BMI= Body mass index, SF= Skinfold, FA= Fatty acids, MUFA= Monounsaturated fatty acids, PUFA= Polyunsaturated 
fatty acids. 
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3.5 Statistical analyses 
The Statistical Package of Social Sciences (SPSS, Inc., Chicago, IL, USA) version 14.0 was 
used to perform the statistical analyses. 
Descriptive statistics were obtained for all the parameters and normality was inspected by 
using the Kolmogorov-Smirnov test and by studying histograms and normality plots. Some 
data (intake of added sugar, fiber, PUFAs, omega-6 and omega-3 FA, body weight, BMI 
subscapular and triceps skinfolds) were positively skewed. Logarithmic transformations 
were performed for these variables, but rejected because they did not normalize the 
distribution. Due to the lack of normality, non parametric tests were used in all analyses 
involving these variables. 
The relationship between dietary variables and outcome (anthropometric measures) are often 
non-linear, but may have a specific cut off point or be dose-dependent. To control for this, 
several of the analyses were performed with the dietary variables divided into quartiles (Q). 
The three variables added sugar, fiber and total fat were also divided into “high” and “low” 
intake with cut off points according to the present Nordic Nutrition Recommendations (49); 
added sugar >/≤ 10 E %, fiber ≥/< 25 g/day and fat >/≤ 30 E %. 
Pearsons correlation or Spearman rank correlation were performed to explore relationships 
between dietary factors and anthropometric measures (weight, skinfolds, fat mass and fat 
free mass).  
Student paired samples t-test or Wilcoxon Signed-Rank test were used to explore differences 
between anthropometric and dietary factors from visit 1 to visit 3 (diet) or 4 
(anthropometry).  
Dietary variables were divided into quartiles according to intake using the visual bander 
command in SPSS. Quartile 1 (Q1) was the women with lowest intake of the different 
nutrients; quartile 4 (Q4) was the subjects with the highest intake. Mean values were 
compared by One-way analysis of variance (ANOVA) or Kruskal-Wallis Test across 
quartiles for all parameters with Bonferroni post-hoc analysis for parametric data. 
Subjects and methods 
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3.6 Ethics 
Dietary variables were also transformed into dichotomous variables. One where the lowest 
quartile was defined as 1 and Q2, 3 and 4 were defined as 0 for all nutrients (“low versus 
high”), and another where Q4 was defined as 1 and Q1, 2 and 3 were defined as 0 for all 
nutrients (“high versus low”). Hence, these groups had their cut off points at the 25th or the 
75th percentile, respectively. Independent samples t-test or Mann-Whitney test were 
performed to explore differences in the anthropometric measures between the two groups. In 
addition, the category “high” versus “low” was analyzed for added sugar, fiber and total fat. 
Standard multiple linear regression models were constructed with dietary and maternal 
variables as predictors (independent variables) and anthropometric factors as dependent 
variables. 
P-values less than 0.05 were considered to indicate statistical significance. Significant results 
are presented in section 4. 
The study was granted ethical approval from the Regional Ethics Committee and performed 
according to the Declaration of Helsinki. All subjects participated voluntarily and gave 
written informed consent. 
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4.1 
4.2 
4.3 Anthropometry 
4. Results 
Nonparticipation 
A total of 2145 women were invited to participate in the study. Among these, 678 accepted 
the invitation. A total of 90 withdrew before the study started; hence, 588 eligible women 
were included in the study. Sixteen were excluded and 19 were lost to follow up, giving a 
study group of 553 women. The 19 women that were lost delivered at another hospital, 
moved or quit for unknown reasons. Eight were excluded due to suspected fetal 
malformations discovered at routine ultrasound at gestational week 17-18, six had duplex 
pregnancy, one child died intrauterine at term and one woman was excluded due to missing 
data on both QFFQ’s. Four women did not return the first questionnaire and 41 did not 
return the second questionnaire.  
Subject description 
The study population had a mean age of 32.2 (4.0) years at visit 1. A total of 99% of the 
women were living in a relationship; 53% were nulliparous. Eighty-five percent had finished 
at least one year of university or college studies and 89% were in a full-time job; 1% was 
unemployed. Four percent of the women smoked more than one cigarette a day, 1% smoked 
more than ten cigarettes a day.  
Table 4 presents means, standard deviations, minimum and maximum values for the 
anthropometric characteristics of the study population for visit one and four. The differences 
between mean and median values were maximum one unit for all variables. According to the 
WHO classification of BMI, 1.3 % of the women were underweight (BMI <18.5 kg/m²) at 
visit 1, 56.6 % were normal weight (BMI 18.5-24.9), 30.8 % were overweight (BMI 25-
29.9) and 11.2 % were obese (BMI ≥ 30 kg/m²) (N= 535).  
  
Table 4: Anthropometric characteristics of the study population. Results are mean (SD), min and max. N differs due to missing data from some of the 
women. 
    Week 14-16  Week 36-38   
  N  mean (SD)  min-max  mean (SD) min-max  p-valuea
Height cm 540  168.5 (5.6) 150-183  - -  - 
Weight kg 491  70.8 (12.4) 44.6-123.1  81.3 (12.6) 53.9-130.9  <0.01 
GWG kg 491  - -  10.6 (3.8) -1.2-29.4  - 
BMI kg/m² 535  24.9 (4.1) 17.5-43.9  - -  - 
Subscapular SF mm 483  20.4 (8.9) 7.0-47.0  24.3 (9.5) 8.2-47.0  <0.01 
Suprailiac SF mm 477  24.2 (9.6) 5.8-46.2  27.9 (9.4) 7.2-47.8  <0.01 
Triceps SF mm 482  21.0 (7.4) 7.1-44.2  21.4 (8.0) 6.8-46.0  0.12 
Total SF mm 476  65.7 (23.0) 23.1-129.6  73.6 (23.9) 22.9-135.0  <0.01 
Total SF difference mm 476  - -  7.9 (12.7) -39.4-46.8  - 
Fat mass kg 500  - -  29.7 (8.4) 10.8-59.6  - 
Fat-free mass kg 500  - -  51.3 (6.8) 34.2-74.6  - 
GWG= Gestational weight gain, BMI= Body mass index, SF= Skinfold 
aBetween mean or median value in week 14-16 and week 36-38 
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4.4 Dietary intakes 
Table 5 summarizes the dietary intake of energy and macronutrients in week 14-16 and 30-32. Only 
subjects who handed in both QFFQ’s were considered in the analyses (N=508). Total energy intake is 
given in kilojoules (kJ). Nutrient intakes were considered as percent of total energy intake (E%) to 
correct for the range in energy intake among the women. Results are presented as mean (SD), 
minimum and maximum, and cut off points for the 25th and 75th percentiles. The difference between 
mean and median was maximum one unit for all dietary variables. Values for the lower and upper 
quartile are presented because variables were divided into quartiles in several analyses. 
Mean intake of protein and carbohydrates were within the recommended ranges which are 10-20 E% 
and 50-60 E% respectively. Fiber intake was lower than what is recommended (25 g/day) and total 
intake of fat was higher (30 E%). Intake of added sugar was below upper recommended intake (10 
E%). Mean intake of the different types of fat was within the recommended ranges (MUFA 10-15 
E%, PUFA 5-10 E% and omega-3 FA >1 E%). 
Table 6 shows the number and percentage of women not eating according to the NNR 
recommendations of intake of added sugar, fiber and total fat (49). There was an increase of women 
eating more fat and added sugar from visit 1 to visit 3, and a decrease in the number eating less fiber 
than recommended. 
 
 
 
 
 
  
Table 5: Dietary composition of 508 women during pregnancy. Results are mean (SD), min-max and values on the 25th and 75th percentile. 
Week 14-16 Week 30-32   
mean (SD) min-max 25th 75th
 
mean (SD) min - max 25th 75th
 
P-valuea
Energy  kJ 8636 (2033) 3472 - 15136 7146 9888  8678 (2014) 3674 - 17489 7258 10053  0.60 
Protein E% 15.7 (2.1) 10.0 - 24.4 14.3 17.0  15.4 (2.2) 9.2 - 23.9 14.0 16.7  <0.01 
Carbohydrates E% 52.7 (5.2) 39.3 - 66.9 49.1 56.1  53.0 (5.0) 36.2 - 67.1 49.5 56.3  0.24 
Fiber g 23.9 (7.5) 5.5 - 59.8 18.5 28.7  23.6 (7.5) 8.8 - 55.3 18.4 27.8  0.11 
Added sugar E% 8.3 (4.6) 0.5 - 31.8 5.1 10.8  8.9 (4.8) 0.3 - 37.7 5.6 11.0  <0.01 
Total fat E% 31.5 (5.1) 17.9 - 46.9 28.1 35.1  31.6 (5.0) 17.0 - 49.0 28.2 34.6  0.63 
Saturated FA E% 12.3 (2.2) 5.9 - 20.7 10.7 13.7  12.4 (2.2) 6.6 - 18.8 11.0 13.9  0.04 
Monounsaturated FA E% 10.3 (1.9) 5.6 - 16.2 9.1 11.6  10.3 (1.9) 5.4 - 18.0 9.0 11.4  0.96 
Polyunsaturated FA E% 6.5 (1.7) 2.7 -14.3 5.3 7.4  6.4 (1.7) 2.8 - 13.5 5.3 7.3  0.23 
Omega-6 FA E% 5.2 (1.5) 2.1 - 12.3 4.1 6.0  5.2 (1.5) 2.3 - 12.0 4.2 6.0  0.19 
Omega-3 FA E% 1.1 (0.4) 0.4 - 2.4 0.9 1.3  1.1 (0.3) 0.4 - 2.5 0.9 1.3  0.52 
FA = Fatty acids 
aBetween mean or median intake in week 14-16 and 30-32
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Table 6: The number and percentage of women not eating according to NNR (49). 
 Week 14-16 
N=549 
Week 30-32 
N=512 
Change 
Fat > 30 E% 336 (61.2%) 329 (64.4%) + 3.2 % 
Fiber < 25 g/day 331 (60.3%) 301 (58.8%) - 1.5 % 
Sugar > 10 E% 163 (29.7%) 159 (31.1%) + 1.4 % 
 
 
4.5 Correlation between diet and anthropometry 
Several of the anthropometric and nutritional variables had a statistical significant 
relationship when considered as continuous variables. However, the relationships were too 
weak to have any clinical relevance with r=0.172 being the strongest correlation (results not 
shown). 
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4.6 The effect of energy intake on GWG 
The GWG from week 14-16 to 36-38 was significantly different between the women who 
had a total energy intake in Q1 (<7258kJ) (mean=10.1kg, p=0.03) and Q2 (7258-8655kJ) 
(mean=10.1kg, p=0.02) compared to the women with highest energy intake (Q4; ≥10053kJ; 
mean=11.6kg) in third trimester (Figure 1).  
The same relationship was found when GWG in subjects with an energy intake in Q1, 2 and 
3 (<10053kJ) was compared to women with an energy intake in Q4 (≥10053kJ). GWG was 
significantly greater in subjects with the highest energy intake (mean 11.6 kg) compared to 
those with a lower energy intake (mean=10.3kg, p<0.01) (Figure 2). 
Figures are error bar charts showing the mean and 95% confidence interval (CI) of the mean.  
 
Figure 1: Weight gain from visit 1 to visit 4 
according to energy intake. Weight gain 
among subjects with energy intake in Q1 and 
2 (≤8655 kJ) was significantly different from 
those with energy intake in Q4 (≥10053kJ) 
p=0.03 and 0.02 respectively). The error bars 
represent 95% CI of the mean.      
                                                  
 
 
 
Figure 2: Weight gain from visit 1 to visit 4 
according to energy intake. Women with 
energy intake in Q1, 2 and 3 (<10053kJ) had a 
significantly lower weight gain from visit 1 to 
visit 4 than women with the highest energy 
intake (Q4) (≥10053kJ) (p<0.01) The error 
bars represent 95% CI of the mean.                         
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4.7 The effect of energy intake on total skinfold difference 
The difference in total caliper measures from first to third visit, was significantly different 
between women with the lowest energy intake (<7258kJ) (Q1, mean = 6.0mm) compared to 
those with the highest (≥10053kJ) (Q4, mean=11.1mm) energy intake in third trimester 
(p=0.02) (Figure 3). 
The same relationship was found when total SF difference in subjects with an energy intake 
in Q1, 2 and 3 (<10053kJ) was compared to women with an energy intake in Q4 (≥10053kJ). 
Total SF difference was significantly greater in subjects with the highest energy intake 
(mean 11.1mm) compared to those with a lower energy intake (mean=6.84mm, p<0.01) 
(Figure 4). 
 
Figure 3: Increase in total skinfold 
thickness from visit 1 to visit 4 according to 
energy intake. Women with energy intake in 
Q1 (<7258kJ) had significantly smaller 
skinfold increase compared to subjects with 
intake in Q4 (≥10053kJ) (p=0.02). The error 
bars represent 95% CI of the mean.                         
                                                                            
     
 
  
              
 
 
 
 
Figure 4: Increase in total skinfold 
thickness from visit 1 to visit 4 according to 
energy intake. Women with energy intake in 
Q1, 2 and 3 (<10053kJ) had a significantly 
smaller increase in total skinfold thickness 
from visit 1 to visit 4 than women with energy 
intake in Q4 (≥10053kJ) (p<0.01). The error 
bars represent 95% CI of the mean.    
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4.8 The effect of fiber intake on skinfold thickness 
The subscapular skinfold was significantly smaller in subjects with a fiber intake ≥25g/day 
(median 22.3mm) compared to those with an intake <25g/day (median 24.6mm, p=0.02) 
(Figure 5).  
The total skinfold thickness at visit four was significantly different between subjects with a 
low fiber intake (median 74.2mm) and subjects with a high intake (median 68.6mm) 
(p=0.03) (Figure 6). 
Figures are box plots showing the distribution of all data values from least to greatest, 
separated into quarters. 
 
Figure 5: Subscapular skinfold thickness at 
visit 4 according to fiber intake ≥/<25g/day. 
Box plots showing that women with a fiber 
intake ≥25g/day had significantly lower total 
skinfold thickness at visit 4 than women with 
fiber intake below 25g/day (p=0.02).                       
  
Figure 6: Total skinfold thickness at visit 4 
according to fiber intake ≥/< 25g/day. Box 
plots showing that women with a high intake 
of fiber (≥25g/day) had a significantly smaller 
skinfold thickness than subjects with an intake 
<25 g/day (p=0.03).     
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4.9 The effect of carbohydrate and sugar intake on GWG
There was a significant difference in weight gain from first to second visit between women 
with a low intake of carbohydrates (Q1; <49.5E%) (mean=9.8kg) compared to women with a 
high carbohydrate intake (Q 2, 3 and 4; ≥49.5E%) (mean=10.8kg, p=0.02) (Figure 7).  
Subjects with a low intake of added sugar (Q1; <5.6E%) had a significantly smaller GWG 
from visit 1 to visit 4 compared to subjects with a high intake of added sugar (Q2, 3 and 4; 
≥5.6E%) (median=9.4kg and 10.4kg respectively, p=0.02) (Figure 8). This connection was 
not found when the relationship between sugar intake >/≤ 10E% and weight gain was 
analyzed (results not shown). 
 
Figure 7: Gestational weight gain according 
to carbohydrate intake. A high intake of 
carbohydrates (Q 2, 3 and 4; ≥49.5E%) is 
associated with significantly higher weight 
gain than low carbohydrate intake (Q1; 
<49.5E%) (p=0.02). The error bars represent 
95% CI of the mean.                     
 
 
 
 
 
 
Figure 8: Gestational weight gain according 
to intake of added sugar. Box plots showing 
that women with a high intake of added sugar 
(Q 2, 3 and 4; ≥5.6E%) in late pregnancy had 
a significantly higher weight gain than 
subjects with low sugar intake (Q1; <5.6E%) 
(p=0.02).        
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4.10 The effect of omega-6 FA and protein intake on body 
weight 
There was a significant difference in body weight at weeks 14-16 according to intake of 
omega-6 FA (p=0.03). Median body weight for women with an omega-6 FA intake in Q1 
(<4.2E%) was 67.8kg, and for those in Q2, 3 and 4 (≥4.2 E%) the median body weight was 
69.1kg (Figure 9).  
Subjects with a high intake of protein (Q4; ≥16.7E%) at week 30-32 had a significantly 
higher body weight (mean=83.3kg) compared to participants with a low intake (Q1, 2 and 3; 
<16.6E%) (mean=80.6kg, p=0.04) (Figure 10). 
 
Figure 9: Body weight at visit 1 and intake 
of omega-6 FA in early pregnancy. Box 
plots showing that women with a high intake 
(Q 2, 3 and 4; ≥4.2 E%) of omega-6 FA had a 
significantly higher body weight in early 
pregnancy compared to subjects with a low 
intake (Q 1; <4.2E%) (p=0.03).        
                                                     
 
Figure 10: Body weight at visit 4 and intake 
of protein in late pregnancy. Women with 
protein intake in the three lowest quartiles 
(<16.7E%)  had a significantly lower body 
weight at visit 4 than women with energy 
intake in the Q4 (≥16.7E%; p=0.04). The error 
bars represent 95% CI of the mean. 
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4.11 Multiple linear regressions 
Tables 7, 8 and 9 show the variables that were found to have an impact on the variance in 
GWG, FFM and gain in total skinfold thickness respectively. 
Table 7 shows that women with energy intake in Q4 (≥10053kJ) gained 1.4kg more from 
visit 1 to visit 4 than the reference group (Q1; <7258kJ) (p<0.01) after adjusting for maternal 
age. The effect of high energy intake on GWG was approximately the same before and after 
adjusting for maternal age. Age explained 2.5% of the variance in GWG whereas energy 
intake explained 2.4%. The total R² for the model was 0.051 (5.1%).  
The model for increase in total skinfold thickness (Table 8) show that women with the 
highest energy intake (Q4; ≥10053kJ) increased their total skinfold thickness with 5.24mm 
more than the reference group (Q1; <7258kJ) (p<0.01) after adjusting for maternal age. The 
effect of high energy intake was stronger after adjustments for maternal age were made. Age 
and energy intake explained 4.5% and 2.3% of the variance respectively. The model in total 
explained 7.6% of the variance.  
Table 9 show that women with a protein intake in Q4 (≥16.7E%)  had 1.84kg more fat free 
mass at visit 4 compared to women with an protein intake in Q1 (reference group; <14.0E%) 
(p<0.05) when adjusted for maternal age and birth weight. The effect of protein on FFM 
decreased when adjusted for maternal age and birth weight. Maternal age and birth weight 
explained 2% and 1.3% of the variance respectively. When protein intake was added to the 
model, the explained variance (R²) increased to 5.5 % in total.  
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Table 7: Multiple regression model. GWG (kg) explained by maternal age and energy intake.                                 
. 
 Crude  Adjusted 
 B (95% CI) p-value  B (95%CI) p-value 
Maternal age (years) -0.15 (-0.23, -0.07) <0.001  -0.16 (-0.24, -0.07) <0.01 
Energy intake weeks 30-32   <0.01     
Quartile 1 Reference    Reference   
Quartile 2 -0.07 (-1.04, 0.90)   0.00 (-0 95, 0.96) 0.99 
Quartile 3 0.43 (-0.53, 1.39)   0.45 (-0.50, 1.39) 0.35 
Quartile 4 1.40 (0.43, 2.38)   1.41 (0.45, 2.38) <0.01 
 
 
Table 8: Multiple regression model. Increase in total skinfold thickness (mm) explained by 
maternal age and energy intake. 
 Crude  Adjusted 
 B (95% CI) p-value  B (95% CI) p-value 
Maternal age (years) -0.68 (-0.96, -0.40) <0.001  -0.75 (-1.03, -0.46) <0.001 
Energy intake weeks 30-32   <0.05     
Quartile 1 Reference    Reference   
Quartile 2 1.32  (-1.98, 4.62)   1.52  (-1.68, 4.72) 0.35 
Quartile 3 1.23  (-2.06, 4.52)   1.38  (-1.82, 4.58) 0.40 
Quartile 4 5.12  (1.81, 8.44)   5.24  (2.02, 8.46) <0.01 
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Table 9: Multiple regression model. Fat free mass (kg) explained by maternal age, birth weight 
and protein intake. 
 Crude  Adjusted 
 B (95% CI) p-value  B (95% CI) p-value 
Maternal age (years) 0.25 (0.10, 0.40) <0.01  0.28 (0.11, 0.44) <0.01 
Maternal birth weight, kg 1.34 (0.27, 2.41) <0.05  1.38 (0.28, 2.47) <0.05 
Protein intake weeks 30-32   <0.05     
Quartile 1 Reference    Reference   
Quartile 2 0. 10 (-1.65, 1.85)   -0.26 (-2.02, 1.50) 0.77 
Quartile 3 -0.49 (-2.23, 1.26)   -0.49 (-2.26, 1.28) 0.59 
Quartile 4 1.96 (0.22, 3.69)   1.84 (0.08, 3.61) <0.05 
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4.12 Summary of results 
The results show that women with a high energy intake increased their body weight and total 
skinfold thickness more during pregnancy than women with a lower intake of energy. There 
were significant differences between the highest and the lowest quartile of energy intake on 
both weight gain and total skinfold increase. According to weight gain, there were also 
significant difference between energy intake in Q2 and Q4. The same relationship was found 
when the three lower quartiles were considered as one and compared to Q4. 
Higher weight gain was also found among women with intake of carbohydrates and added 
sugar in the three upper quartiles compared to Q1. 
A high intake of fiber (≥25g/day) was associated with a significantly thinner subscapular 
skinfold and smaller total skinfold thickness in late pregnancy. 
Women who reported a high intake of omega-6 FA (Q2, 3 and 4) in early pregnancy had a 
significantly higher body weight at visit 1 than did women with a low omega-6 FA intake. In 
late pregnancy, women with a high protein (Q4) intake had a significantly higher body 
weight than those who ate less protein. 
Multiple regressions show that energy intake in Q4 (≥10053kJ) had significant effects on 
GWG and total skinfold difference when adjusted for maternal age. Protein intake in Q4 
(≥16.7 E%) had significant effect on maternal fat free mass in late pregnancy when adjusted 
for maternal age and birth weight. 
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5.1 
5. Discussion 
The main aim of this master thesis was to investigate if maternal intake of energy, 
macronutrients and fiber had an effect on the changes in body weight and body composition 
that pregnant women undergo. This was done by analyzing dietary intake and maternal 
anthropometry measured twice during pregnancy. No other known studies have analyzed this 
relationship before. 
Study population 
National data from the MBRN in 2004 (32) reported that mean birth weight was 3514g,  
41.3% of the women were nulliparous, mean age was 29.6 years , 15.8% smoked daily and 
93.7% were living in a relationship. Hence, the STORK study population delivered babies 
with a higher mean birth weight (3619g), a smaller proportion already had children, they 
were approximately 1.5 years older and fewer were daily smokers compared to all women 
who gave birth in Norway in 2004. In Oslo, the city where most of the women in the present 
study live, the mean birth weight the same year was 3444g, 52.5% of the women were 
nulliparous, mean age of the mother was 30.5 years, 7.7% smoked daily and 92.9% were 
living in a relationship (32). According to parity, mean maternal age and smoking, women in 
the STORK study closely resembled the urban population of pregnant women in Oslo, 
whereas the mean birth weight of the babies in the study sample was more similar to that of 
the babies born nationwide. The study population consisted of Scandinavian women only. 
According to Statistics Norway (58), approximately 6% of people living in Norway and 
19% of people living in Oslo have a non- western background. Hence, the results from the 
present study may not be directly extrapolated to either national data or data on women 
living in Oslo. 
The women volunteered to participate in a study of diet, physical activity and body 
composition during pregnancy. Attending involved four hospital visits, several 
questionnaires, blood samples and glucose tolerance tests where the women had to arrive in 
the morning on an empty stomach. Participation may have been perceived as time 
consuming and stressful at a time when many women experience more fatigue and nausea, 
and less well being than in a non-pregnant state. The recommended number of antenatal 
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5.2 
controls in Norway is eight (51) including one ultrasound scan, usually performed at week 
17-19. Depending on maternal health, previous pregnancy outcomes and other 
circumstances, the number of visits each woman has varies considerably. Subjects who are 
more anxious or just want to be checked more often than what is commonly advised, could 
have chosen to be a part of the study as this may have given them access to more controls 
than what is normally provided for their condition. Especially the possibility to attend three 
ultrasound scans may have been attractive to many of the participants. According to this, it 
is reasonable to assume that some of the women who chose to attend are more likely to care 
for themselves and their unborn children. This may be connected to educational level. The 
majority of our study population had higher education. Highly educated women may know 
more about possible pregnancy complications and therefore participate to assure they 
receive proper care. They may also be more informed about what to do to give their children 
a best possible start in life, including eating a healthier diet and exercise more than their less 
educated counterparts. However, it is impossible to conclude whether the study population 
ate healthier than the general population as there is no reliable data to compare with.  
Methods 
5.2.1 Caliper measures 
Caliper measures were chosen as the method to evaluate body composition because it is easy 
to learn and perform, safe, non-invasive, inexpensive and acceptable to patients. All caliper 
measures used in this thesis were performed by the same, trained person to avoid inter 
individual errors. Measures may still have included errors, but these would be systematic and 
the relation between the different results will be consistent. 
A disadvantage of the method is that it is less precise and dependable than more 
sophisticated methods such as dual energy X-ray absorptiometry (DXA) or bioelectrical 
impedance analysis (BIA). The large range in the results reflects this uncertainty. 
Increased hydration and/or distortion of the skin contour by pregnancy may alter skinfold 
thickness without truly reflect the quantity of subcutaneous fat. Compared to a non-pregnant 
reference population, skinfold thickness varies in a different manner among pregnant women 
(59). There are several reasons for this. From early to late pregnancy the distribution of fat 
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differs among the skinfolds. In late pregnancy, most women retain excess water. This 
progressive fluid retention leads to a subsequent increase in TBW and plasma volume. Thus, 
skinfolds may contain more water, not fat, and the amount of subcutaneous fat may be 
overestimated (59). Furthermore, pregnant women may store relatively more of their fat 
subcutaneously compared with non-pregnant subjects. Fat storage pattern during pregnancy 
may vary by ethnicity, parity and maternal nutritional status (43). 
5.2.2 Estimation of fat mass 
It was suggested that the single caliper measures and the sum of all three caliper measures 
(total SF) could serve as an indicator of maternal FM and FFM in early and late pregnancy. 
A correlation analysis between calculated FM and total SF at visit 4 gave a correlation 
coefficient of 0.832 (p=<0.01). However, the analyses between FM/total SF and dietary 
variables did not show the same results. Fiber intake ≥/< 25g/day had a significant effect on 
total SF at week 34-36, but not on fat mass. A relationship between energy intake and 
skinfold thickness was found for the increase in total SF from visit 1 to visit 4. Because 
baseline FM was unknown, it was impossible to draw a conclusion whether the same 
connection was present between energy intake and FM as well. 
Formulas used to predict body fat from anthropometric measurements have traditionally 
been developed on non pregnant subjects (59). Hence, these models involve assumptions that 
are not necessarily true for pregnancy. First, the increased amount of water in lean tissue 
lowers the density and thereby FM may be overestimated. Second, the fetus’ contribution to 
maternal tissue gain is not separated. The formula used in this thesis was developed on 
pregnant women in gestational week 30 and validated (40).  The women were healthy, non-
smoking, without clinical signs of edema, and most of them were white; they did not have 
gestational diabetes, and all pregnancies were singletons. Hence, they seem quite similar to 
the STORK study population. However, the women in the study by Huston Presley et al. 
(40) were younger, lighter and had smaller skinfolds than our subjects. In fact, their 
skinfolds at 30 weeks gestation were smaller than the present study’s subjects’ skinfolds at 
week 14-16. According to the protocols, skinfolds were obtained in the same manner in both 
studies, but intra individual bias may occur. However, the relationship between different 
parts of the body is likely to be the same. As previously mentioned, the amount of water 
retained in the body increases throughout the pregnancy and the degree of edema is highly 
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individual. It is uncertain whether bias according to increased hydration from week 30 to 36-
38 is avoided or not, but the authors concluded that the model can be used to predict 
maternal fat mass in late gestation. The formula used was considered to be the best estimate 
available. 
In STORK 2, BIA is performed on the mothers at all visits using a digital Tanita scale. This 
gives improved data on FM, FFM and TBW from beginning to end of the pregnancy 
compared to caliper measures. When the results from this part of the study are accessible, it 
is possible to compare them to the results generated with the formula by Huston Presley et 
al.  to see if it is a good estimate for the present population. 
Maternal body composition changes already during the first trimester (60). Hence, it is 
difficult to obtain an appropriate baseline measurement. To get absolutely correct baseline 
values, measures should have been obtained before conception. 
5.2.3 QFFQ 
Food frequency questionnaires are well suited to study food intake in large populations. 
They are cheap, easy to administer and easy to respond to for the participants. Data obtained 
using this method is useful for ranking individuals but do not necessarily permit confident 
assessments of absolute intake. Bias according to reporting food intake is likely to occur, as 
in all methods for estimating dietary intake. There is a considerable degree of random error 
in FFQ data (61), and the method should not be used on an individual level. For the purpose 
of the STORK study, the NORKOST questionnaire was considered the best alternative to 
use.  
As previously mentioned, the QFFQ has not been validated for pregnant women, but is well 
validated for other groups (54;55). The currently ongoing Norwegian mother and child 
cohort study (MoBa) use a self constructed QFFQ especially developed for pregnant women. 
At the beginning of the study the NORKOST QFFQ was used. For a transitional period, both 
questionnaires were used and 86 women answered both. A comparison between NORKOST 
and the MoBa questionnaire showed significant correlations according to macronutrient 
intake; energy r=0.69, p<0.001, protein r=0.72, p<0.001 (Margaretha Haugen, personal 
statement). According to this, NORKOST may be assumed to be suited for use also in a 
pregnant population, at least on intake of macronutrients.  
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5.3 
Normally, the NORKOST QFFQ is used to identify a person’s mean intake the past six 
months. As mentioned, the women in STORK were instructed to give information about 
present intake. It is unknown whether this intake reflects an average normal intake, or if the 
participants made any changes from their pre-pregnant diet. The available results from the 
MoBa study show that seven out of ten women reported changing their food habits after 
becoming pregnant; 33% ate more vegetables, and 65% ate more fruit. One out of three ate 
less sweets, one out of five stopped drinking coffee, and 77% changed their drinking habits 
(62). It is likely to assume that the women in our study population also changed their diet 
after becoming pregnant or answered the QFFQ according to what they thought was 
“correct”. Overweight persons may tend to underestimate whereas underweight persons may 
tend to overestimate when reporting their food intake. The same type of bias may exist in 
this study as well, resulting in a reported diet being healthier than what it really is. 
Analyses presented here include macronutrients only. The choice to only analyze body 
weight and body composition according to intake of macronutrients was based on the fact 
that most Scandinavians are well nourished and the occurrence of micronutrient deficiencies 
is rare.  The likelihood of finding a connection between micronutrients and body 
composition in our study population was considered low.  
Results 
At present, there is little available data on pregnant women’s diet in Norway, and no large 
studies have evaluated the dietary intake of women in this age group in Norway lately. 
According to this, it was interesting to observe the results presented in Table 5. At the first 
glance, it looks like the women eat close to the recommendations given in NNR (49), but 
Table 6 show that a large proportion of the women did not eat according to the 
recommended intake of fat, added sugar and fiber. Considering the fact that many women 
change food habits in pregnancy, it is interesting to observe that they are still not completely 
within recommended ranges and that a large proportion eats more fat and added sugar and 
less fiber than what is recommended.  
A large number of participants may yield significant results even on minor differences. This 
is apparent in several of the analyses, for instance in the comparison between mean dietary 
intake at the two visits. The comparison showed significant differences in intake of protein, 
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added sugar and saturated FA (Table 5). However, the differences are very small and not 
sufficient to conclude that the women have changed their intake from visit 1 to visit 3.  
Another example where the high number of subjects led to significant differences on small 
differences was the correlation analyses. They revealed that many of the anthropometric 
variables were correlated to the dietary variables. However, the correlation coefficients were 
too low to assume that the results have any clinical or practical relevance (63).  
The 95% CIs overlap in several of the figures, and the SDs are sometimes larger than the 
mean values of the measurements (Table 4 and Table 5). This indicates a large variation 
within the groups and a large degree of uncertainty. Though there are significant differences 
between groups, the differences are very small. This may also be a result of the large number 
of subjects. 
There are some indications towards an effect of diet on body weight and body composition, 
but several of the results seem inconsistent. One example is that a high fiber intake is related 
to smaller subscapular skinfold but not triceps- or suprailiac skinfold. Also the fact that there 
seem to be a relationship between omega-6 FA intake and body weight in early pregnancy 
but not in late, and vice versa for protein, questions the reliability of the significant results 
found.  
The multiple regression models constructed were based on data used in the present study, in 
addition to selected maternal variables. Several other factors than those included may have 
an effect on maternal anthropometry and the results presented here should be interpreted 
with caution. 
Fat free mass and body water 
Several of the studies presented in the background chapter found a relationship between 
FFM and birth weight (4;13;18;44;47). Some of the authors suggest that the correlation 
between FFM and fetal growth is mediated by fluid retention (4;44). As mentioned in 
chapter 2.5, TBW is a major constituent of FFM. An increase in body water is followed by 
increasing plasma volume which in turn influences certain maternal hemodynamic 
adjustments such as cardiac output and, ultimately, uterine blood flow (44;64). Hence, the 
importance of gain in TBW should not be neglected. Studies in humans and animals have 
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shown that maternal plasma volume expansion and birth weight is positively correlated with 
birth weight (44). A possible explanation of this relationship may be that increased TBW 
increases uterine and placental blood flow and hence affects its capacity to supply nutrients 
in sufficient quantities to the fetus. Inadequate plasma volume expansion in pregnancy has 
been associated with both preeclampsia and fetal growth restriction (65). This relationship 
may be the reason why several studies have found that FFM correlates with birth weight. If 
TBW is the real predictor in this connection, not FFM, little can be done to affect this as the 
increase to a large degree is hormonally controlled and varies considerably between women. 
Need for change of present recommendations? 
We know that maternal diet and nutritional status is important in order to provide the best 
possible start in life for the unborn child. We also know that GWG is important for birth 
outcome. Lastly, there are indications of FFM being correlated to birth weight. Animal 
studies have demonstrated that limiting the intake of a specific macronutrient or global 
restriction of maternal feed intake can retard fetal growth and size at birth (66). Still, it is 
difficult to measure the effect of diet in pregnancy, especially in a well nourished population.  
The reasons why the effects from the diet on GWG and body composition seem to be modest 
may be complex. A possible explanation is that diet is only one of several factors affecting 
pregnancy and birth outcome. Maternal metabolic, physiological and endocrine status before 
and after conception, genetics and lifestyle all have some influence. As previously 
mentioned, pregnancy is a state were many women change their diet in order to give their 
unborn child a best possible start in life. Independent of their pre pregnant lifestyle, women 
may increase or decrease the level of physical active, stop smoking, eat more or less than 
they did before conception, or keep diet and exercise at a steady state level. Many aspects 
may have an impact on which changes a pregnant woman does or does not do according to 
lifestyle after becoming pregnant. Social status, educational level, physical and 
psychological state and how much information she receives from doctors, midwifes, friends 
and family may influence. All of these possible changes and the physiological, metabolic 
and endocrine changes that pregnant women undergo, may thin out the effect of diet and 
make it less measurable, especially in a well nourished population. 
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According to the findings in the multiple regression models, intakes in the upper quartiles 
had an effect on anthropometric outcomes. This may indicate that there is an effect among 
the extremes but not among those with an average intake.  
5.5.1 Dietary intake 
The true effect of maternal nutrition on fetal development is still unknown. Sufficient access 
to energy, protein, essential fatty acids and micronutrients is essential. However, in a well 
nourished population as the participants in STORK, it is difficult to know which factors are 
most important and to what extent. There may also be certain time frames where maternal 
intake of specific nutrients is more important than others.  
According to present knowledge and the findings presented in this thesis, there is no reason 
for change of recommendations on diet during pregnancy. Present recommendations should 
be followed. 
5.5.2 Amount and composition of GWG 
The optimum GWG is not known. One definition suggested is “one that produces a healthy 
newborn and provides sufficient postpartum maternal fat stores to support lactation without 
increasing obesity risk” (45), but how many kilos this constitutes for the individual woman, 
is highly variable. It is also essential to recognize that GWG is accomplished by increases in 
both fat and nonfat tissues, and that the ratio between them may be important. 
There is no reason for change of recommendations on weight gain in pregnant women 
according to affect body composition and body composition changes in pregnancy. A 
systematical review of studies examining maternal and fetal outcomes according to the IOM 
guidelines concluded that a GWG within the recommended ranges was associated with better 
pregnancy outcomes than weight gains outside the ranges (67). These recommendations 
should be followed. 
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5.6 Future directions in research and antenatal care 
In the aim of this thesis it was stated that “improved understanding of the effect of nutrition 
and the degree and composition of GWG will form the basis for recommendation of 
nutritional intake both before and during pregnancy”.  The effects of nutrition appear small. 
The systematical review of GWG according to the IOM guidelines (67) found that most 
women did not gain within the recommended range for their BMI, even though this has been 
shown to give the best birth outcome. An increasing amount of women, especially in 
developed countries, are overweight as they enter pregnancy. In the present study, 42% of 
the women were overweight or obese at visit 1. Maternal overweight and obesity is, as 
previously mentioned, a risk factor for pregnancy- and birth complications, and diseases in 
later life. Hence, obese women should be encouraged to normalize weight before conception. 
Weight loss during pregnancy is assumed to be undesirable for all women, also the 
overweight. Many pregnancies are not planned. According to this, prevention of obesity in 
general is an important issue to address as a reduction of the prevalence of overweight and 
obesity among young women may be necessary to counteract the increase in birth weight 
and undesirable outcomes related to maternal obesity. Catalano (68) suggests that the 
increasing problem with maternal obesity before pregnancy should be addressed in the same 
way as smoking cessation was addressed in recent decades. Physical activity, body weight 
and body composition, and maternal nutritional status before pregnancy are important factors 
in this work. Focus on minor details may draw focus away from what is really important, 
such as a balanced diet and regular physical activity. Too complicated advices are less 
acceptable to people and may lead to increased confusion and less compliance.  
Longitudinal studies of the whole gestational period are still needed, preferably with onset 
before conception. These should include pregestational estimation of body composition, 
nutrient intake, physical activity and other related factors. Studies like these are expensive 
and time consuming, but may result in a great basis for future interventions in pregnant and 
increase knowledge of the connections between maternal state and future health of the infant.
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6. Conclusion 
The results obtained in this thesis did not confirm a certain relationship between energy-, 
nutrient and fiber intake in pregnancy and maternal anthropometry. The statement of the null 
hypothesis (H0) claiming that there is no effect of maternal intake of energy, energy yielding 
nutrients and fiber on degree and composition of maternal GWG is confirmed. Though there 
were indications towards some effects, it is impossible to draw any firm conclusions, and the 
results from analyzing the relationship seem inconsistent. Detailed studies with more 
sophisticated methods are needed to reveal possible relationships. However, the clinical 
relevance is still uncertain. Which impact maternal GWG and body composition has on 
pregnancy outcome and fetal health is not fully explored. There are several well-known 
mother and child- health relationships that may deserve more attention than the effect of 
single dietary factors on maternal anthropometry. 
Description of dietary intake revealed that a large proportion of the study population did not 
eat according to the Nordic Nutritional Recommendations (49). Furthermore, a relatively 
increasing proportion of women enter pregnancy overweight or obese. The small effects 
found in the present study suggest that focus should be placed on prevention of overweight 
and obesity among young women (and men) and proper care for the women who enter 
pregnancy in an overweight state. However, this area of research is constantly growing, and 
future findings may change the way we view the connection between maternal factors and 
adult health of future generations. 
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